ACR No. L5KO5 


L -^1 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


WARTIME REPORT 

ORIGINALLY ISSUED 

February 1946 as 

Advance Confidential Report L5KO5 


DETERMINATION OF THE STABILITY AND CONTROL CHARACTERISTICS 
OF A STRAIGHT -WING, TAILLESS FIGHTER -AIRPLANE MODEL IN 
THE LANGLEY FREE -FLIGHT TUNNEL 
By Charles L. Seacord, Jr. and Herman 0 . Ankenbruck 


Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 




NACA 


WASHINGTON 


NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but axe now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 


L - I99 







MAC A ACR Mo. L5KO5 


MAT I OH A L ADVISORY COMMITTEE FOR AEROHAUTICS 


ADVANCE CONFIDENTIAL REPORT 


DETERMINATION OF THE STABILITY AMD COITTROL CHARACTERISTIC 
OF A STRAIGHT-;; I HO, TAILLESS FICHTER -AIR PLATE MODEL IF 
THE LANGLEY FREE-FLIGHT TUNNEL 
By Charles L. Seacord, Jr, and Herman 0 . Ankenbruck 


SUMMARY 


An Investigation to determine the stability and 
control characteristics of a straight -wing, tailless 
fighter model with a pusher T^ropeller designed by the 
NACA has been made in the Langley free-f light tunnel. 

The investigation consisted principally of force and 
flight tests of a powered dynamic mod-el. The effects 
of tail configuration, center-of -gravity location, and 
power on the stability and control characteristics of the 
model were determined. Tests were also made in the 
Langley lp-foot free -spinning tunnel to determine whether 
the model would trim at very high angles of attack. 

The results of the investigation may be summarized 
as follows: The general flight characteristics of . the 

model were good and compared favorably with the flight 
characteristics of good conventional airplane models 
previously tested in the Langley free -flight tunnel. As 
the angle of attack was increased, the longitudinal 
stability of the model increased instead of decreasing as 
that of tailless airplanes with swept -back wings usually 
does. Power caused a slight reduction in the longi- 
tudinal stability measured at constant power. This 
reduction in stability, however, did not affect the long! 
tudinal steadiness cf the model in flight tests. The 
model did not show the tendency to trim at very high 
angles of attack (above the stall) that has been a char- 
acteristic of some swept-back tailless airplanes. The 
lateral flight characteristics of the model with both 
vertical tails installed were good. The directional 
stability of the model was satisfactory and was improved 
by the application of power. The effective dihedral was 
desirably' small and was not appreciably affected by power 
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The control surfaces of the model provided adequate longi- 
tudinal and lateral control. 


Previous investigations of the stability and control 
of tailless airplanes with sweepback (references 1 to i|) 
have indicated that the sweepback is the cause of the poor 
longitudinal stability and the loss of control near the 
stall which are often characteristic of such airplanes. 

In- order to determine the effects on stability of elim- 
inating the sweepback, a straight -wing, tailless fighter 
airplane has been designed by the NACA and a model of the 
design has been tested in the Langley free-flight tunnel. 

The present investigation is one phase of the tailless- 
airplane research program being carried out in the Langley 
free-flight tunnel to determine the relative merits of the 
various types of tailless aircraft and includes results of 
both force and flight tests of a dynamic powered model with 
a pusher propeller. Because some tendency has been noted 
for tailless airplanes to trim at very high angles of 
attack, £ 90°, brief tests were also made in the Langley 
15 -foot free-spinning tunnel to investigate the trim 
characteristics of the model at large angles of attack. 

The force tests were made with the model equipped with 
two different sizes of vertical tail surface, with pro- 
pellers off and with propellers on, and with power adjusted 
to simulate that typical of modern fighter airplanes. The 
model was flown with two different sizes of vertical tail, 
with various center-of -gravity locations, and with various 
amounts of power. 


INTRODUCTION 



C T lift coefficient 



Cj} drag coefficient 



Cjn pitching -moment coefficient about normal 

C *S* center-of -gravity locatii 



Cy lateral-force coefficient 
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Cl rolling -moment coefficient (L/qbS) 

C n yawing -moment coefficient (N/qbS) 

L rolling moment, foot-pounds 

M pitching moment, foot-pounds 

N yawing moment, foot-pounds 

q dynamic pressure, pounds per square foot 

p mass density of air, slugs per cubic foot 
V airspeed, feet per second 

W weight of airplane, pounds 

S wing area, square feet 

b wing span, feet 

c wing chord, inches 

c mean aerodynamic chord (M.A.C.), feet 

a angle of attack of fuselage reference line, degree 

^ angle of yaw, degrees (\J/ = -p) 

P angle of sideslip, degrees 

0 angle of roll, degrees 

Cj rate of change of rolling -moment coefficient with 
0 angle of sideslip, per degree ^dC^/dp^ 

C r rate of change of yawing-moment coefficient with 
P angle of sideslip,, per degree ('dG n /dp') 

T c thrust disk-loading coefficient ^T/pV^D^j 

-T thrust, pounds 

D propeller diameter, feet 

5 a right -ai-ler on deflection, degrees 

R 
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elevator deflection, degrees 
radius of gyration about X-axis 
radius of gyration about Y-axis 
radius of gyration about Z-axis 
parts .of the model are designated as follows; 
wing" 

fuselage, including pilot's enclosure and wire 
landing gear 

propeller' 

lower vertical tail 
upper vertical tail 


APPARATUS 
Wind Tunnels 


The investigation was carried out in the Langley 
y re 7 light tunnel, which is equipped for testing free - 
flying dynamic models. A complete description of the 
tunnel and its operation is given in reference 5. Force 
measurements were made on the Langley free -flight-tunnel 
six -component balance described in reference 6T The 
forces and moments are measured on this balance with 
respect to stability axes. The stability axes of an air- 
play® are defined as an orthogonal system of axes inter- 
secting at the center cf gravity in which the Z-axis is in 
the plane of symmetry and perpendicular to the relative 
wind , the^X-axis is in the plane of symmetry and perpendi- 
cular to the Z-axis, and the Y-axis is perpendicular to the 
plane of symmetry. A sketch showing the stability axes of 
an airplane is presented as figure 1 . A photograph of the 
test section of the tunnel showing the model being tested 
in flight is presented as figure 2 . The tests to deter- 
mine the trim characteristics of the model at high angles 
of attack were made in the Langley 15-foot free -spinning 
tunnel, a description of which is given in reference 7.° 
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Model 


The test . model., was , designed and constructed by the 
MCA and corresponds to . a JL^-scale model of a hypo- 
thetical tailless ' airplane with a l|.0-foot span. It is 
a high-wing ’ design With the ’5 0-percent -chord line straight 
and has a small fuselage, a pusher propeller, and conven- 
tional vertical’ tail surfaces. A drawing' and- photographs 
of the model are giveh as" figures 3 to 6 , 


Longitudinal control' for the model was provided by 
elevators that extended over the inboard portion of the 
wing, and lateral' control wa's provided by conventional 
aileron and' rudder surfaces. For power-off (windmilling ) 
tests, the model was fitted' with a four-blade propeller 
that was allowed to' windmill freely. For power-on tests. 


the model was. equipped With 


a. A-hor sepower electric motor 


driving an 11 -inch-diameter three-blade- propeller . 


The 


three -blade propeller was installed' in place -of the four- 
blade propeller because the characteristics of the motor 
made it. possible to obtain higher thrusts with this 
arrangement . 


The model wing had a Rhode St. Genese 35 airfoil 
section (reflexed) because this section has a high maximum 
lift coefficient at the low Reynolds numbers at which the 
tests were run. 


The physical character ististics of a full-scale air- 
plane based on scaled-up values ( 10 : 1 ) of the dimensions 
of the model are: 


Weight, pounds 

Wing 

Area, square feet 

Span, feet 

Aspect ratio 

Sweepback of 5 0-percent -chord line, degrees. . 
Sweepback of 25 -percent-clicrd line, degrees. . 

Incidence, degrees . . 

Dihedral angle of midthickness line, degrees . 

Taper ratio 

M.A.C., inches . . . 

Location of M.A.C. behind L.E. of 

root chord, inches . . . . 

Root chord, inches 

Tip chord, inches 


. 8030 

266.67 
. lj.0.0 

. 6.0 
. . 0 

. 3.2 

. . 0 
. . 0 
2:1 
• 83.9 

. 12.0 
. 107.8 
. 53.9 
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Wing loading, w/s, pounds per square foot ..... 30 

Aileron 


Type 

Area, percent wing area . 
Span, percent wing span . 
Chord, percent wing chord 
Elevator 


Type 

Area, percent wing area 

Span, percent wing span 

Chord, percent wing chord ....... 

Normal c.g. location 

Behind L.E. of root chord, inches . . . 
Behind L.E. of .root chord, .percent M.A.C 
Above thrust line, inches ....... 

Above thrust line, percent M.A.C. . . . 
Ratios of radii of gyration to wing span 

k x/° • • • 

k Y/J? . * 




Vertical tails 

Total area of each, percent wing area • 
Rudder area, percent total vertical-tail 

Aspect ratio (each tail ) 

Distance from c.g. to rudder hinge line, 
percent wing span 


.Plain 

‘ ’ lj-5 
20 


Plain flao 

. • • 7.7 
... k5 
... 15 


28.8 

20.0 

k»o 

k.8 


0.158 

0.135 

0.173 


.... 5.0 

area . . 23 

. . . 1.85 

. . . 2 Ip. 2 


TESTS 

Force Tests 


Most of the force tests were made at a dynamic pres- 
sure of Ip . 09 pounds per square foot, which corresponds 
to a test Reynolds number of approximately 2[(.0,00b based 
on the mean aerodynamic chord 'of O.699 Foot. The force 
tests consisted of angle -of -attack runs made to determine 
the effects of power and various modifications to the 
model on longitudinal stability and control and yaw runs 
made to determine the lateral stability and control char- 
acteristics of the model in all conditions. A summary 
of the force-test, -conditions is given in table I. As 
shown in table I, power-on force tests' were made to determine 
the static longitxidinal stability of the model operating 
with power simulating zero thrust and 1200 brake horsepower 
for, the hypothetical- full-scale airplane. In the lateral- 
stability tests the model operated' with power simulating 
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zero thrust, 1200 brake horsepower, and 2000 brake horse- 
power for the full-scale airplane. 

Values of thrust coefficient required to simulate 
1200 and 2000 brake horsepower over the lift range of the 
model tests are shown in figure 7» These data are based 
on an assumed propeller efficiency for the full-scale 
airplane of 75 percent and a wing loading of JO pounds 
per square foot. 


Flight Tests 

Model flight tests were made to determine effects 
of lift coefficient, center-of'-gravity location, vertical- 
tail area, and power on the stability and control char- 
acteristics of the model. In the power-off condition, 
flights were made over a range of lift coefficients from 
0.32 to O .95 for center-of -gravity locations ranging 
between 15 and 23 percent II. A .0. Most flight tests were 
made with the model equipped with both upper and lower 
vertical tails, but a few tests were made with the model 
equipped with the upper tail only. Power-on flight tests 
were made for a lift-coefficient range with the normal 
center-of-gravity location (20 percent M.A.C.). The highest 
power simulated in flight was 1200 brake horsepower. 


Free-to-Trim Tests 

In the free-to-trim tests the model was supported 
in the air stream of the Langley 15 -foot free-spinning 
tunnel on the stand shown In figure 8 . The model was free 
to rotate in pitch about its center of gravity and had 
a possible travel of about 200°. The model was restrained 
until the airspeed had been adjusted and was then released 
to trim. The model was released at angles of attack from 
0° to dz 9 O 0 with the elevators set to trim the model at an 
angle of attack of 8 °. 


RESULTS AND DISCUSSION 
Longitudinal Stability 

Power-off force tests .- The results of force tests 
made to determine the longitudinal stability characteristics 
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of the model with power off are presented in figure 9® 

The effects of the various component parts of the model 
on the stability are also shown in this figure. 

The data of figure 9 show that the model was longi- 
tudinally stable up to the stall. This character ist ic 
is desirable and is not usually possessed by tailless 
designs incorporating sweepback. The stability of the 
model increased with increasing lift coefficient; the 
static margin, as indicated by the value of -dC^/dCp, 
varied from about 0,02 at low lift coefficients to about 
0,07 at high lift coefficients with the normal center-of- 
gravity location (20 percent Ic.A.C.). Reference 8 shows 
that this change in the slope of the pitching -moment 
curve is characteristic of a high -wing arrangement on a 
round fuselage and indicates that the pitching-moment 
curve could probably be straightened by lowering the wing 
to a high midwing position. 


The data of figure 9 show that adding the fuselage 
to the wing caused a reduction in static margin f-dCv^/dC^ 
of about 0 , 01 . The data also show, however, that' the 
stabilizing effect of the windmilling pusher propeller 
counteracted the destabilizing fuselage effect, so that 
the stability of the complete model was similar to... that .. 
of the wing alone. 


Power-off flight tests .- In power-off flight tests 
with the center of gravity at 20 percent M.A.C., the 
longitudinal stability of t he model was satisfactory at- 
lift coefficients from 0,50 to the stall, at which- the 
static margin was 0,05, At lift coefficients less than 
0,50, however, the longitudinal motion -of the model was 
unsteady and frequent elevator control was required to 
keep the model flying. This unsteadiness was attributed 
to the small static margin (about 0.02 or 0.05) at low 
lift coefficients previously indicated, by the force tests. 

When the static margin was increased by 0,02 by moving 
the center of gravity ahead to l8 percent ll.A.C., steady 
flights were obtained over the entire lift range from 'a 
lift coefficient of 0.52 to the stall (flights could not 
be made at lift coefficients lower than 0,5 2 because of 
tunnel airspeed limitations). 

Decreasing the static margin by shifting the center 
of gravity to 22 percent M.A.'C# caused the longitudinal 
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flight behavior of the model to become completely unsatis- 
factory at lift coefficients less than 0.50 and only fair- 
ly satisfactory at lift coefficients greater than O. 5 O. 

In some flights made at lift coefficients above O .50 with 
a static margin of about 0.02 or 0.0J, the model was very 
unsteady and difficult to control- and the longitudinal 
characteristics ’were very similar to those obtained in the 
flight tests made at lift coefficients below 0.50 and with 
the center of gravity at 20 percent M.A.C. 

Previous tests in the Langley free-flight tunnel 
(reference . 5 ) have shown that conventional models had 
longitudinal steadiness characteristics which were 
essentially the earns as those of the straight -wing, 
tailless model with corresponding values of static margin. 
In this respect the results of the present investigation 
are in agreement with the results of reference 9 , which 
showed that variation of damping in pitch has little effect 
on longitudinal steadiness as long as the static margin is 
satisfactory. 

Power-on force tests .- For purposes of discussion, 
static margin has been assumed equal to -d^/dC^* This 

assumption should be nearly true in the case of the model 
tested because the model has no horizontal tail and 
because the wing is not in the slipstream. The force-test 
data of figure 10 show that power caused a reduction in 
static margin 'which, though appreciable (O.OJ or 0.0l_), 
was not so great as the reduction often caused by power 
on conventional single-engine airplanes with tractor 
propellers (reference 10). At 1200 brake horsepower with 
the center of gravity at 20 percent M.A.C. the model had 
a static margin of only about 0.01 over most of the lift 
r ange . 

The results of calculations made to determine the 
cause of the decrease in stability with application of 
power are presented in figure 11 in the form of incre- 
mental pitching moments provided by the propeller normal 
force and propeller thrust (figs. 11(a) and ( 0 )). The 
combined calculated effects of propeller forces are also 
compared (fig. 11 (c)) with the measured power effects 
taken from the data of figure 10. The calculations show 
that, although the normal force of the pusher propeller 
provided a slight stabilizing effect, the propeller thrust 
provided a much greater destabilizing effect. Figure 11 
shows that the measured destabilizing effect of power was 
about, twice the calculated effect of direct propeller 


CONFIDENTIAL 


10 


CONFIDENTIAL 


MCA ACH No. L5K05 


forces. The additional unstable moments may have been 
produced by the inflow effects over the wing and the 
rear portion of the fuselage. The data of figure 12 
show that if the center of gravity of the model were 
shifted vertically downward from O. 0 I 4.8 M.A.C. above the 
thrust line to 0,011 M.A.C. below the thrust line, power 
would not affect the static longitudinal stability of 
the model. 

Power-on flight tests .- Although the force-test 
results indicated a decrea.se in longitudinal stability to 
a static margin of 0.01 as the power was increased from 
zero thrust to 1200 brake horsepower, the longitudinal 
steadiness in flight tests of the model was not appreciably 
changed by power application. Plights made with power 
simulating 1200 brake horsepower wore as steady aa flights 
made with zero thrust. These results thus appear to 
disagree with the results of the power-off flight tests, 
in which a reduction of the power-off static margin from 
0,05 to 0 a 02 caused the longitudinal steadiness of the 
model to become definitely worse. 

An explanation of this apparent discrepancy Is that 
in the power-on force tests the thrust was varied with 
angle of attack to represent constant -power flight at 
different airspeeds - that is, T c was varied with C-^ 

and thus with airspeed, as shown in figure 7 - whereas 
in the power-on flight tests the airspeed did not vary 
immediately with angle -of -attack changes - that is, T c 
and airspeed remained constant when the model pitched tip 
or down. If the thrust coefficient T c instead of the 

power had been kept constant in the force tests, there 
would likely have been little or no change in stability 
f 3 ’om the zero-thrust to the power-on conditions. -The 
assumption is here made that curves of pitching -moment 
coefficient against lift coefficient at constant thrust 
coefficient would have remained parallel for any value 
of thrust coefficient; that is. 


Since longitudinal steadiness is largely dependent on the 
rapid pitching motions or short-period oscillations that 
cause no appreciable change in airspeed, the steadiness 
appears to be affected principally by stability changes 
that occur at conditions of constant thrust coefficient 
and constant airspeed and very little by changes that occur 
at conditions of constant power and varying airspeed. 
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Longitudinal Control 

The longitudinal-control data obtained in the force 
tests are shown in figure 10. These data indicate that 
with the normal center-of-gravity location the model could 
be trimmed from zero lift coefficient to maximum lift ' 
coefficient with a total elevator movement of about 20 • 
The elevator effectiveness did not change noticeably when 
power was applied, which indicated that there was little 
effect of induced flow over the elevators. Plight tests 
showed that the elevator was powerful enough to trim the 
model over the entire flight range with the center of 
gravity at l8 percent H.A.C. 

Trim at High Angles of Attack 

In the free-to-trim tests in the Langley 15-foot free 
spinning tunnel, the model upon being released In the up- 
right or inverted position (at angles of attack of 90 ° 
or^- 90 o ) assumed immediately the angle of attack for which 
the elevators had been set, 8°. Under no conditions did 
the model show the tendency to trim at high angles of 
attack that has been exhibited by some swept-back tailless 
designs . 


Lateral Stability 


Force tests.- The results of tests made to determine 
the lateral stability characteristics of the model are 
presented in figures 15 and llg • These results are 
summarized in figure 15 in the form of a stability chart 
that is a plot of the directional-stability parameter C n 


against the 


effective-dihedral parameter C 7 . 


P 


The data of figures 15 and 15 show the effect of the 
various component parts of the mcdel on lateral stability 
The wing-fuselage combination had slight directional 
instability but was made slightly stable by the addition 
of 'the pusher propeller. Addition of the vertical tails 
increased the directional stability with propeller 
windmilling to a value of C n of about O.CGO7. The 

effective dihedral was small for all conditions, about 2° 
for the wing-fuselage combination and about 1° for the 
c omp le t e mod e 1 . 
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The force -test data of figures 1I4. and 15 show a 
noticeable increase in directional stability with appli- 
cation of power. Increasing the power from idling to 
2000 brake horsepower increased the directional stability 
hy approximately 65 percent. The. data of figure lip also 
show that applying power with the vertical tails off did 
not increase the directional stability appreciably. The 
increase in directional stability at high power with tails 
on appears to be caused primarily by the inflow effects 
upon the vertical tails rather than from action of the 
direct propeller forces. The effective dihedral was appar- 
ently not affected by an increase in power, (See figs, lip 
and 15 . ) 


Flight tests .- The lateral flight characteristics of 
the model with both vertical tails installed were good for 
powers ranging from sero thrust to 1200 brake horsepower . 

The directional stability appeared to be satisfactory in 
flights at zero thrust and improved with' the application 
of power. The small effective dihedral shown by the force 
tests was noted in the flights -by the absence of any appre- 
ciable rolling motions when the model was disturbed in" yaw 
and 03- the negligible effects on aileron control of the 
adverse yawing produced in rolling maneuvers. This small 
effective dihedral was considered a desirable characteristic 
for a tailless design because of the relatively low direc- 
tional stability of this type of airplane. 

In flights with the lower tail removed, the lateral 
flight characteristics were not so good as those with both 
tails installed. The adverse yawing due to aileron control 
was greater and the yawing motions of the model damped out 
more slowly after disturbances in yaw. The lateral flight 
characteristics were considered not quite satisfactory with 
this tail configuration. 


Lateral Control 

The force-test data showing the aileron effectiveness 
are presented in figure 16. These data show that the 
ailerons were effective at all angles of actack up to the 
stall (approx. 12°). 

In the flight tests adequate lateral control was 
obtained by using abrupt aileron deflections of ± 15°. 
Rudder deflections of ± 12° used in conjunction with the 
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aileron control were usually sufficient to balance out the 
adverse yawing moments caused by aileron deflection and 
rolling velocity. 


CONCLUSIONS 


The results of tests in the Langley free-f light 
tunnel of a straight-wing, tailless fighter model with 
a pusher propeller may be summarized as follows: 

1. The general flight characteristics of the model 
were -good and compared favorably with the flight character- 
istics of good conventional airplane models previously 
tested in the Langley free-f light tunnel. 

2, As the angle of attack was increased, the longi- 
tudinal stability of the model increased instead of 
decreasing as that 'of tailless -airplanes with swept-back 
wings usually does. 

5. Power caused a slight reduction in the longitudinal 
stability measured at constant power. This reduction in 
stability, however , did not affect the longitudinal stead- 
iness of the model in flight tests. 

I}.. The model did not show the tendency to trim at very 
high angles of attack (above the stall) that has been a 
characteristic of some swept-back tailless airplanes. 

5. The lateral flight characteristics of the model 
with both vertical tails installed were good. The direc- 
tional stability of the model was satisfactory and was 
improved by the application of power. The effective 
dihedral was desirably small and was not appreciably 
affected by power • 

6. The control surfaces of the model provided ade- 
quate longitudinal and lateral control, 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I 

FORCE TESTS OF STRAIGHT-WING, TAILLESS MODEL 
IN THE LANGLEY FREE- FLIGHT TUNNEL 


Type of data 
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Power 
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Figure 1.- System of stability axes. Arrows indicate positive direction 

of moments and forces. 
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figure 3 — Dram/rg of^-Sco/e ifraght-w,ng,fa,//eii fighter mode/ tested m the la/?gtey 

free - flight tunnel . 
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Figure 4.- 


Plan view of straight-wing, tailless fighter model tested in the 
Langley free-flight tunnel. 
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Figure 5.- 


Front view of 


straight-wing, tailless fighter 
Langley free-flight tunnel. 
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Figure 6.- Side view of straight-wing, tailless fighter model tested in 

the Langley free-flight tunnel. 
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Fig. 8 NACA ACR No. L5K05 
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Figure //. - Effect of propeller forces on the longi- 
tudinal stability of the straight- wing , tailless 
fighter model tested in the Langley free -flight 
tunnel . Center - of- gravity location , 0.20 /V). /).C. 
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F/gare 13. ~ Lateral slab/l/ly character /sFcs of Mra/qhl- w/ng 
tailless f/ghter mode/ les/ed /n fang/ey free - ffgf)l lunnef 
q , 4.09 pounds per square fool ■ four- blade propeller. 
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figure 14. - Sffect of power on lateral stability characteristics 
of straight- w/ng , Tout less fighter mode/ tested m the 
Longley free- flight tunneJ. o(. j°. C L = 0. 5 . 
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Right aileron deflection , <5a R > deg 

f/qure /6. - Aileron effect/ ue/ress of straight- w/ng ) 
toilless fighter /node! tested /n Langley free - 
flight tunnel . 
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